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(54) Signal conditioner with symbol addressed lookup table based transversal filters 



(57) A signal conditioner comprising several 
embodiments of transversal (FIR) filters that utilize sym- 
bol addressed multiplier lookup tables. In particular, five 
embodiments in accordance with the principles of "the 
present invention are described. The present invention 
generates a predistorted waveform within the transver- 
sal filter that provides for compensation for the effects of 
nonlinear amplifiers and intersymbol interference.-The 
present invention may be employed to digitally generate 
an arbitrary baseband waveform that represents a lim- 
ited alphabet of symbols. The present invention dramat- 
ically simplifies the implementation of FIR filters where 
the application of the FIR filter is to provide a transversal 
filter function for waveforms that represent symbols. The 



degree of simplification is related to the number of bits 
that define the size of the symbol alphabet as compared 
to the number of bits required to adequately represent a 
digital sample of the waveform. Typically 2,3, or 4 bits 
represent the alphabet of communication symbols, 
whereas waveforms require as a minimum 8 bits of 
quantization. A second aspect of the present invention 
comprises combining the function of generating arbi- 
trary waveforms with the symbol addressed lookup 
tables that are part of the FIR filter. The waveform is 
precompensated to minimize the effect of intersymbol 
interference and is prewarped to compensate for trans- 
mitter nonlinearities. 
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Description 
BACKGROUND 

The present Invention generally relates to signal 
conditioners, and more particularly, to transversal (FIR) 
filters that use symbol addressed lookup tables. 

Telecommunication power transmitters, such as 
traveling wave tube amplifiers exhibit nonlinear behavior 
in their amplitude and phase transfer function. These 
non-linear characteristics result in distorted transmit 
waveforms that degrade the performance of telecom- 
munication channels. When applying digital modulating 
waveforms to a transmitter amplifier channel, additional 
linear distortions are experienced due to intersymbol 
interference (ISl). ISI Is generated as a result of non- 
ideal phase and frequency characteristics of the trans- 
mitter chain. Some compensation for these distortions 
can he achieved by predistorting the signal prior to its 
application to a power amplifier. Predistortion is concep- 
tually performed in two step6. The first step is to predis- 
tort the digital modulation in amplitude and phase so 
that the resultant signal at the output of the power ampli- 
fier is undistorted. The second step is to pre-equalize 
the modulating waveform so that the effect of ISI is min- 
imized. In the absence of non linearities, the act of pre 
equalization in the transmitter is equivalent to perform- 
ing equalization of the transmitted waveform in the 
receiver. 

Prior art techniques for generating arbitrary digital 
waveforms that represent a symbol include the use of 
lookup tables. The symbol is used to address a lookup 
table that is programmed to output a representative dig- 
ital waveform. Gene~rally this waveform has two quadra- 
ture components. Compensation for nonlinear distortion 
is accomplished by precomputing the requisite correc- 
tions and programming the lookup tables with the pre- 
distorted waveforms. Prior art techniques that 
compensate for ISI make use of a transversal filter 
architecture to distort the waveform such that intersym- 
bol interference at the output of the transmitter is mini- 
mized. A finite impulse response (FIR) filter with taps 
spaced by a delay of one symbol performs such a func- 
tion. The FIR filter forms the weighted sum of the wave- 
forms which represent a finite number of past symbols 
and future symbols. The weighting factors are predeter- 
mined such that when this sum is added to the wave- 
form representing the current symbol, the factors which 
cause subsequent ISI are effectively cancelled. In a dig- 
ital implementation of such a FIR filter pre-equalizer, the 
waveform is commonly multiplied at each tap by means 
of a multiplier circuit and a register containing the 
weighting factor. An alternative implementation js j by 
application of digital lookup tables that are addressed 
by the digital word representing the waveform at each 
tap. The lookup tables are programmed to output a 
weighted representation of the input address. Quadra- 
ture waveforms require a FIR filter for each of the two 
quadrature components. An additional pair of FIR filters 



may be required to compensate for any "cross" effects. 

Conventional techniques have not provided for a 
transversal (FIR) filter that utilizes symbol addressed 
lookup tables. U.S. Patent No. 5,113,414 issued to 

5 Karam et al. provides an excellent description of the 
prior art for predistorting waveforms in digital transmis- 
sion system systems. However, the Karam et al. tech- 
nique for compensation is quite different and more 
complicated than the technique of the present invention. 

10 Karam makes use of a transmit filter (and does not indi- 
cate if it is digital or analog) that applies an oversampled 
waveform to a lookup table which in turn generates a 
correction that is applied to a multiplier. 

It is therefore an objective of the present invention 

15 to provide for a signal conditioner that implements a 
transversal filter and uses symbol addressed lookup 
tables. It is also an objective of the present invention to 
provide for a transmit conditioner that compensates for 
the effects of nonlinear amplifiers and intersymbol inter- 

20 ference. 

SUMMARY OF THE INVENTION 

•The present invention is a signal conditioner that 
25 comprises several embodiments of transversal (FIR) fil- 
ters that utilize symbol addressed multiplier lookup 
tables. In particular, five embodiments in accordance 
with the principles of the present invention are 
described. The present invention generates a predis- 
30 torted waveform within the transversal filter. The present 
invention also provides for an extension of this idea, with 
no additional complexity, that compensates for the 
effects of nonlinear amplifiers and intersymbol interfer- 
ence. The present invention may be employed to digit- 
us ally generate any arbitrary baseband waveform that 
represents a limited alphabet of symbols. The waveform 
is precompensated to minimize the effect of intersymbol 
interference (ISI) and prewarped to compensate for 
transmitter nonlinearities. 
40 A first embodiment comprises a transversal filter 
having a symbol addressed multiplier lookup table. In 
the first embodiment, the transversal filter processes 
input symbols to generate baseband output waveforms 
comprising quantized signal waveforms that are repre- 
45 sentative of the input symbols. The transversal filter 
comprises an input for receiving binary codes repre- 
senting input symbols, and a plurality of serially coupled 
one symbol delay devices for sequentially delaying the 
input symbols. A plurality of symbol addressed lookup 
so tables are respectively coupled to the input and one 
symbol delay devices for receiving the input symbols 
and delayed versions thereof and for providing respec- 
tive output signals that correspond to scaled amplitude 
values of the input symbols. The output signals com- 
55 prise a predistorted waveform that compensates for the 
effects of intersymbol interference and transmitter non- 
linearities. A plurality of summing devices are individu- 
ally coupled to predetermined pairs of the plurality of 
symbol addressed lookup tables that process the 
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respective output signals to generate the baseband out- 
put waveforms that are representative of the input sym- 
bols. 

A second embodiment provides for combined 
through and crosss multiplier lookup tables in a .single s 
lookup table used for processing respective in-phase 
and quadrature signals. In the second embodiment, the 
transversal filter includes both in-phase and quadrature 
equalizers. In the second embodiment, the transversal 
filter comprises an input for receiving binary codes rep- io 
resenting input symbols, and a plurality of serially cou- 
pled one symbol delay devices for sequentially delaying 
the input symbols. First and second symbol addressed 
lookup tables are respectively coupled to the input and 
to the plurality of serially coupled one symbol delay is 
devices for respectively receiving the input symbols and 
delayed versions thereof and for providing respective in- 
phase and quadrature output signals that correspond to 
scaled amplitude values of the input symbols and that 
comprise a predistorted waveform that compensates for 20 
the effects of intersymbol interference and transmitter 
nonlinearities. A plurality of sets of summing devices 
are respectively coupled to predetermined pairs of the 
plurality of symbol addressed lookup tables that proc- 
ess the respective in-phase and quadrature output sig- 25 
nals to generate in-phase and quadrature baseband 
output waveforms that are representative of the input 
symbols. 

A third embodiment provides for common symbol 
delay elements for delaying both in-phase and quadra- 30 
ture signals prior to the multiplier addressed lookup 
tables. In the third embodiment, the transversal filter 
comprises an input for receiving binary codes repre- 
senting input symbols, a plurality of common one sym- 
bol delay devices for delaying both the in-phase and 35 
quadrature signals that comprise the input symbols. A 
plurality of symbol addressed lookup table are appropri- 
ately coupled to the input and to outputs of the respec- 
tive one symbol delay devices for receiving the Input 
symbols and delayed versions thereof and for providing <o 
a plurality of output signals that correspond to scaled 
amplitude values of the Input symbols. The output sig- 
nals comprise a predistorted waveform that compen- 
sates for the effects of intersymbol interference and 
transmitter nonlinearities. A plurality of sets of summing 45 
devices are coupled to the lookup tables for summing 
the respective in-phase and quadrature output slgnal to 
provide in-phase and quadrature waveform output sig- 
nals that comprises baseband output waveforms that 
are representative of the input symbols. so 

A fourth embodiment provides for a transversal filter 
that combines the elements of each of the previous 
three filters into one a single large symbol addressed 
multiplier lookup table. This large symbol addressed 
multiplier lookup table has a size that is substantially the 55 
same as the combined sizes of the individual lookup 
tables used in the prior embodiments. In the fourth 
embodiment, the transversal filter comprises an input 
for receiving binary codes representing input symbols, 



and the single symbol addressed lookup table coupled 
to the input for receiving the input symbols and for pro- 
viding a plurality of output signals that correspond to 
scaled amplitude values of the input symbols. The out- 
put signals comprise a predistorted waveform that com- 
pensates for the effects of intersymbol interference and 
transmitter nonlinearities. A first one symbol delay 
device is coupled to the delay device for delaying a first 
output signal therefrom. A first summing device is cou- 
pled to the lookup table and to the first one symbol delay 
device for summing the first output signal and a second 
output signal from the lookup table to provide a summed 
output signal. A second one symbol delay device for 
delaying the summed output signal from the first sum- 
ming device. A second summing device is coupled to 
the lookup table and to the second one symbol delay 
device for summing the second output signal and a third 
output signal from the lookup table to provide a second 
summed output signal that comprises baseband output 
waveforms that are representative of the input symbols. 

The above-summarized four transversal filter 
embodiments provide for significant simplifications in 
FIR filter applications such as in pre-equalizing inter- 
symbol interference in transmitter waveforms. 

A fifth embodiment incorporates prewarping of the 
input symbols without any change in hardware complex- 
ity. In the fifth embodiment, the transversa! filter com- 
prises an input for receiving binary codes representing 
input symbols, and a symbol addressed lookup table 
based prewarper and pre-equaiizer coupled to the input 
for receiving the input symbols and for providing output 
signals that correspond to prewarped and pre-equalized 
scaled amplitude values of the input symbols. The out- 
put signals comprise a predistorted and prewarped 
waveform that compensates for the effects of intersym- 
bol interference and transmitter nonlinearities. 

The present Invention dramatically simplifies the 
implementation of FIR filters where the application of 
the FIR filter is to provide a transversal filter function for 
waveforms that represent symbols. The degree of sim- 
plification is related to the number of bits that define the 
size of the symbol alphabet as compared to the number 
of bits required to adequately represent a digital sample 
of the waveform. Typically 2,3, or 4 bits represent the 
alphabet of communication symbols, whereas the 
waveforms require as a minimum 8 bits of quantization. 
One aspect of the present invention is to use symbol 
addressed lookup tables rather than digital sample 
addressed lookup tables in implementing FIR filter func- 
tions. A second aspect of the present invention com- 
prises combing of the function of generating arbitrary 
waveforms with the symbol addressed lookup tables 
that are part of the FIR filter function. 

The present invention thus provides for a much sim- 
per and efficient implementation of an arbitrary wave- 
form generator and FIR filter for applications where the 
input waveform is defined by a symbol alphabet that 
may be specified with fewer bits then an equivalent 
quantized waveform. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The various features and advantages of the present 
invention may be more readily understood with refer- 
ence to the following detailed description taken in con- * ; 5 
junction with the accompanying drawings, wherein like 
reference numerals designate like structural elements, 
and in which: 

Fig. 1a illustrates a conventional three tap filter w 
using multipliers to scale the delayed input wave- 
forms; 

Fig. 1b illustrates a conventional three tap filter 
using multiplier lookup tables to scale the delayed 
input waveforms; is 
Fig. 2 illustrates a first embodiment of a three tap fil- 
ter using symbol addressed multiplier lookup tables 
in accordance with the principles of the present 
invention; 

Fig. 3 illustrates a conventional equalizer for quad- ' 20 
rature waveforms: /' ' . 

Fig. 4 illustrates a second embodiment of an equal- 
izer for quadrature waveforms in accordance with 
the principles of the present invention; 
Fig. 5 illustrates a third embodiment of a three tap 25 
filter using symbol addressed multiplier lookup 
tables in accordance with the principles of the 
present invention; 

Fig. 6 illustrates a fourth embodiment of a three tap 
filter using a common symbol addressed multiplier so 
lookup table in accordance with the principles of the 
present invention: 

Fig. 7 illustrates a conventional technique for pre- 
warping and pre-equalizing a digital waveform; and 
Fig. 8 illustrates a first embodiment of a transversal 35 
filter for pre-warping and pre-equaiizing a digital 
waveform in accordance with the principles of the 
present invention. 

DETAILED DESCRIPTION 40 

By way of introduction, the present Invention com- 
prises a finite impulse response (FIR) filter for use in 
digital telecommunication transmission systems. By 
itself, the present FIR filter results in simplified filter 45 
design and better performance than conventional FIR 
filters. Pre-equalization of the transmit waveform is one 
possible application of the FIR filter. The present inven- 
tion may also provide a nonlinear prewarping function 
without adding to the complexity of the filter design. A so 
single processing function in accordance with the 
present invention performs waveform predistortion so 
that the transmitted waveform compensates for the non- 
linear effects of a power amplifier and so that the inter' 
symbol interference caused by a non-ideal transmitter 55 
chain is reduced. 

Referring to Fig. 1a it Illustrates a conventional 
three tap FIR filter 10 using multipliers 12 for scaling the 
input waveform and its delayed replicas. The conven- 



tional FIR filter 10 is comprised of a tapped delay line 
11, or discrete delay elements 11a, 11b, means 14 for 
scaling the signal at each tap of the tapped delay line 1 1 
by multiplication with a scaling coefficient, and a plural- 
ity of summing devices 13 to add the result of the scaled 
tap signals. The signals are represented by digital 
waveforms such as baseband signals. Sampling is usu- 
ally performed at the symbol rate and the delay ele- 
ments 11a, 11b are usually digital registers that are 
clocked at the symbol rate. Scaling coefficients (C) may 
reside in digital registers, or if they are not to be modi- 
fied, may he hardwired into the multiplier structure. 

A well known alternative to using multipliers 1 5 is to 
use digital lookup tables 12. Fig. 1b illustrates a conven- 
tional three tap filter 10a using multiplier lookup tables 
12a, 12b, 12c to scale the delayed input waveforms. The 
operation of the filter 10b is similar to that of filter 10a, 
except that the scaled tap signals are derived from the 
multiplier lookup tables 12 prior to summing. Each dig- 
ital lookup table 12 may be comprised of a programma- 
ble memory device (such as a RAM or PROM) or a fixed 
memory (ROM). The signal that is to be scaled is used 
as an input address to the lookup table 12. Each 
address position the lookup table 12 contains an appro- 
priately scaled value of the input signal. Such a lookup 
table scheme is effective if the precision of the input sig- 
nal is limited, since the size of the lookup table 12 
increases exponentially with the number of signal quan- 
tization levels. For example, with an 8 bit input and N bit 
output, the table is of size 256xN bits. On the other 
hand, for a 16 bit input and N bit output the table is of 
size 65,536xN bits. 

v One aspect of the present invention is to recognize 
that when filtering digital modulating waveforms, it is not 
necessary to represent the input waveform in a FIR filter 
as a digital amplitude of the desired waveform. It is suf- 
ficient to represent the input waveform as a symbol 
value. A FIR filter 20 embodying this concept is shown 
in Fig. 2. More specifically, and by way of example, Fig. 
2 illustrates a three tap filter 20 using symbol addressed 
multiplier lookup tables 12 In accordance with the prin- 
ciples of the present invention. Inputs to the filter 20 are 
binary codes representing symbols, and outputs are 
quantized signal waveforms. The selection of a symbol 
code is of no consequence. It is also to be understood 
that the illustration of the present invention using a three 
tap filter 20 is by way of example only. Any number of 
taps may be utilized in the filter 20 of the present inven- 
tion. 

For n-ary signalling, the number of bits that define a 
symbol are of size n. For example, in QPSK signaling, 
only two bits represent a symbol. At each filter tap, the 
lookup table 12 has size nxN. At each address position, 
the lockup table 12 contains the appropriately scaled 
amplitude value of the input symbol. The primary bene- 
fit of this scheme i6 to dramatically reduce the size of 
the lookup tables 12. A secondary benefit is increased 
arithmetic precision since the lookup table 12 generates 
an exact (within the quantization limits of the number of 
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output bits) scaled amplitude value of the symbol rather 
then the scaled value of the quantized symbol. Another 
benefit is that the delay elements 11a, 11b are of size n 
bits (for n-ary signalling) rather then the number of bits 
required to adequately represent the signal waveform s 
amplitude (usually at least 8 bits). 

In a practical application for n-ary orthogonal wave- 
forms, the modulating signal is complex in the sense 
that it has in-phase and quadrature components. Con- 
sider a FIR filter implementation of a conventional pre- w 
equalizer 30. Fig. 3 illustrates a conventional pre-equal- 
izer 30 for quadrature waveforms that comprises a con- 
ventional transversal filter. The pre-equalizer 30 
includes four FIR filters 31a, 31b, 32a, 32b comprising a 
pair of pre-equalizers 30a that generate in-phase sig- 15 
nals and a pair of pre-equalizers 30b that generate 
quadrature signals. In particular, to generate the pre- 
equalized in-phase waveform the classic scheme is to 
pre-equalize the in-phase waveform with "through" 
coefficients, pre-equalize the quadrature waveform witn 20 
"cross" coefficients and to add the results. Except for a 
change in sign of the cross coefficients an analogous 
scheme is used to generate the pre-equalized quadra- 
ture waveform. 

The previously discussed lookup table implementa- 25 
tion may also be applied to the just-described pre- 
equalizer architecture but with another dramatic simpli- 
fication as will be described with reference to Fig. 4. Fig. 
4 illustrates a simplified pre-equalizer 40 for in-phase 
and quadrature waveforms in accordance with the prin- 
ciples of the present invention. Since input signals (sym- 
bols) are no longer represented by a digital 
representation of a symbol waveform, the through and 
cross equalizers 31a, 31b, 32a, 32b of Fig. 3 may be 
integrated into two lookup tables and thus a first equiva- 
lent equalizer 41a is provided for generating - the pre- 
equalized in-phase waveforms, and a second equalizer 
41b provides for generating the pre-equalized quadra- 
ture waveforms. Each of the equalizers 41a, 41b com- 
prising the pre-equalizer 40 may be constructed in the 
manner described with reference to Fig. 2 above, for 
example. The lookup tables in the respective equalizers 
41a, 41b of Fig. 4 comprise signals that are not the 
same. The in-phase component of the product of the 
complex waveform and the complex scaling coefficient 
is stored in the first equalizer 41a. The quadrature com- 
ponent of the product of the complex waveform and -the 
complex scaling coefficient is stored in the second 
equalizer 41b. 

Fig.5 illustrates this architecture in more detail and 
also indicates another simplification provided by the 
present invention. The delay elements 1 1 for the ,: two 
pre-equalizers 41a, 41b contain the same signal (i.e. 
symbol) and therefore they may be combined in the 
manner shown in Fig. 5 to produce the illustrated trans- 
versal lilter 50. The transversal filter 50 is comprised of 
the tapped delay line 11, or discrete delay elements 
1 1 a, 11b, a plurality of lookup tables 1 2 that are adapted 
to output scaled in-phase and quadrature output sig- 



nals, and two sets of summing devices 13a, 13b to add 
the result of the respective scaled in-phase and quadra- 
ture output signals. 

Another variation of the present invention which 
may be advantageous for some implementations is 
shown in Fig. 6, and comprises a pre-equalizer 60. This 
architecture represents an alternative to the equalizer 
20 of Fig. 2, or each of the equalizers 41a,.41b shown in 
Fig. 4. The summing devices 13 (adders) are separated 
by one symbol delay elements 1 1. A single lookup table 
12 is employed in the pre-equalizer 60 of Fig. 6. How- 
ever, fragmentation into several tables may be neces- 
sary due to the large number of bits. One advantage of 
the architecture lor the pre-equalizer 60 is that even with 
fragmentation, a common address decoder may be uti- 
lized to generate addresses in the lookup table 12. This 
has advantages in high speed applications. 

If one of the pre-equalizers 20, 40, 50, 60 is to be 
used in conjunction with a nonlinear distortion compen- 
sating modulator for example, then another dramatic 
improvement may be realized. As previously indicated, 
the nonlinear amplitude and phase behavior of a power 
amplifier may be negated by warping the signal prior to 
applying it to the power amplifier. Fig. 7 illustrates a con- 
ventional means for prewarping and pre-equalizing 70 
comprising a symbol prewarper 12 (lookup table 12) 
and a serially coupled pre-equalizer 40. The warping 
may be implemented using the lookup table 12 and then 
the warped digital waveform value is pre-equalized in 
the pre-equalizer 40 to produce a prewarped and pre- 
equalized waveform output from the fitter 70. 

However, and in accordance with the present inven- 
tion, if the modulating signal is in digital form, then this 
warping may be implemented in the lookup table 12 
using a symbol value as an input thereto and a warped 
digital waveform value as an output thereof. More spe- 
cifically, and with reference to Fig. 8, it illustrates a 
lookup-table-based prewarper pre-equalizer 80 that 
provides for pre-warping and pre-equalizing of a digital 
waveform (input symbol) in accordance with the princi- 
ples of the present invention. The prewarping operation 
conventionally performed in the pre-equalizer 40 is inte- 
grated into the lookup table 12 with no additional addi- 
tion in complexity. That is, the stored values in the 
lookup table 12 are the products of filter coefficients and 
the prewarped symbol amplitudes. The prewarper pre- 
equalizer 80 provides a universal means for pre-warp- 
ing the input symbol in addition to pre-equalizing the 
input symbol. This scheme not only eliminates a lookup 
table 12, but also reduces the associated quantization 
errors. Furthermore, the equalizer of Fig. 8 is program- 
mable. The scaling coefficients are programmable, and 
the waveforms are also independently programmable. 
Such programming is generally understood in the art 
and will not be further described herein. 

Trie previous applications of the present invention 
were related to transmitter functions. Some receiver 
designs that utilize decision feedback techniques may 
also benefit from the present invention. For instance, 
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there is a well known technique known as a decision 
feedback equalizer. A conventional decision feedback 
equalizer has two components similar to the pre-equal- 
izer architecture shown in Fig. 7. The first component 
equalizes "future" symbols in a classic FIR filter archi- 5 
tecture. The second component utilizes the waveform "'' 
generated by detected past symbols as an input to a 
FIR filter. The present invention may be applied to sirri-' 
plify the second component which results in the embod- 
iment of a decision feedback equalizer similar to ; the "'' 10 
architecture shown in Fig. 8. 

Thus there has been described new and improved 
signal conditioners employing transversal (FIR) filters 
that use symbol addressed lookup tables. It is to be 
understood that the above-described embodiments are 15 
merely illustrative of some of the many specific embodi- 
ments which represent applications of the principles of 
the present invention. Clearly, numerous and other 
arrangements can be readily devised by those skilled in 
the art without departing from the scope of the inven- 20 
tion. 

Claims 

1. A transversal filter for processing input symbols to 25 
generate baseband output waveforms comprising 
quantized signal waveforms that are representative* ' 
of the input symbols, said filter comprising: 

an input for receiving binary codes repres£m- 30 
ing input symbols; 

a plurality of serially coupled one symbol delay 
devices for sequentially delaying the input sym- 
bols; 

a plurality of symbol addressed lookup tables as 
respectively coupled to the input and to the plu- 
rality of serially coupled one symbol delay 
devices for respectively receiving the input 
symbols and delayed versions thereof and for 
providing respective output signals that corre- 40 
spond to scaled amplitude values of the input 
symbols and that comprise a predistorted 
waveform that compensates for the effects of 
intersymbol interference and transmitter non- 
linearities; and 45 
a plurality of summing devices individually cou- 
pled to predetermined pairs of the plurality of 
symbol addressed lookup tables that process" 
the respective output signals to generate the 
baseband output waveforms that are repre- so 
sentative of the input symbols. ;{J*W' . 

2. A signal conditioner for use in a transmitter for 
processing input symbols to generate baseband 
pre-equalized and predistorted output waveforms 55 
comprising quantized in-phase and quadrature sig- 
nal waveforms that are representative of the input 
symbols, said signal conditioner comprising: 



an input for receiving binary codes represent- 
ing said input symbols; 
an in-phase equalizer that comprises: 

a plurality of serially coupled one symbol 
delay devices for sequentially delaying the 
input symbols; 

a plurality of symbol addressed lookup 
tables respectively coupled to the input 
and to outputs of the plurality of serially 
coupled one symbol delay devices for 
respectively receiving the input symbols 
and delayed versions thereof and for pro- 
viding respective In-phase output signals 
that correspond to pre-equalized, scaled 
amplitude values of the input symbols and 
that comprise a predistorted waveform that 
compensates for the effects of intersymbol 
interference and transmitter nonlinearities: 
and 

a first plurality of summing devices com- 
prising a first summing device coupled to 
first and second ones of the plurality of 
symbol addressed lookup tables and a 
second summing device coupled to an out- 
put of the first summing device and a third 
one of the plurality of symbol addressed 
lookup tables that process the respective 
in-phase output signals to generate the 
baseband in-phase output waveforms that 
are representative of the input symbols; 
and 

a quadrature equalizer that comprises: 

a second plurality of summing devices 
comprising a third summing device cou- 
pled to the first and second ones of the plu- 
rality of symbol addressed lookup tables 
and a fourth summing device coupled to an 
output of the third summing device and the 
third one of the plurality of symbol 
addressed lookup tables that process the 
respective quadrature output signals to 
generate the baseband quadrature output 
waveforms that are representative of the 
input symbols; 

and wherein the plurality of symbol 
addressed lookup tables provide respec- 
tive quadrature output signals that corre- 
spond to pre-equalized, scaled amplitude 
values of the input symbols and that com- 
prise a predistorted waveform that com- 
pensates for the effects of intersymbol 
interference and transmitter nonlinearities. 

A transversal filter for processing input symbols to 
generate baseband output waveforms comprising 
quantized signal waveforms that are representative 



u 6 



11 



EP0 813 300 A1 



12 



of the input symbols, said filter comprising: 

an input for receiving binary codes represent- 
ing input symbols; 

a plurality of serially coupled one symbol delay 5 
devices for sequentially delaying the input sym- 
bols; 

a plurality of symbol addressed lookup tables 
respectively coupled to the input and to the plu- 
rality of serially coupled one symbol delay 10 
devices for respectively receiving the input 
symbols and delayed versions thereof and for 
providing respective in-phase and quadrature 
output signals that correspond to scaled ampli- 
tude values of the input symbols and that com- 75 
prise a predistorted waveform that 
compensates for the effects of intersymbol 
interference and transmitter nonlinearities; and 
a plurality of sets of summing devices respec- 
tively coupled to predetermined ones of >the - 20 
plurality of symbol addressed lookup tables 
that process the respective in-phase and quad- 
rature output signals to generate in-phase and 
quadrature baseband output waveforms^that 
are representative of the input symbols. 25 

A transversa! filter for processing input symbols to 
generate baseband output waveforms comprising 
quantized signal waveforms that are representative 
of the input symbols said filter comprising: 30 



5. A transversal fitter for processing input symbols to 
generate baseband output waveforms comprising 
quantized signal waveforms that are representative 
of the input symbols, said filter comprising: 

an input tor receiving binary codes represent- 
ing input symbols; and 

a symbol addressed lookup table coupled to 
the input for receiving the input symbols and for 
providing a plurality of output signals that corre- 
spond to prewarped and pre-equalized scaled 
amplitude values of the input symbols and that 
comprise a predistorted waveform that com- 
pensates for the effects of intersymbol interfer- 
ence and transmitter nonlinearities. 



an input for receiving binary codes represent- 
ing input symbols: 

a symbol addressed lookup table coupled to 
the input for receiving the input symbols and for 35 
providing a plurality of output signals that corre- • 
spond to scaled amplitude values of the input 
symbols and that comprise a predistorted 
waveform that compensates for the effects of 
intersymbol interference and transmitter non- ao 
linearities; 

a first one symbol delay device for delaying^ 
first output signal from the lookup table; 
a first summing device coupled to the lookup 
table and to the first one symbol delayfdeviee 45 
for summing the first output signal arid a sec- 
ond output signal from the lookup table to pro- 
vide a summed output signal; 
a second one symbol delay device for delaying 
the summed output signal from the first surrn so 
ming device; and 

a second summing device coupled to the 
lookup table and to the second one symbol 
delay device for summing the second output 
signal and a third output signal from the lookup ss 
table to provide a second summed output sig- 
nal that comprises baseband output waveforms 
that are representative of the input symbols. 
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